A sequence-specific ribozyme (M1GS RNA) derived from the catalytic RNA subunit of RNase P from Escherichia coli was used to target the overlapping exon 3 region of the mRNAs encoding the major transcription regulatory proteins IE1 and IE2 of human cytomegalovirus. A reduction of more than 80% in the expression levels of IE1 and IE2 and a reduction of about 150-fold in viral growth were observed in human cells that stably expressed the ribozyme. In contrast, a reduction of less than 10% in the IE1͞IE2 expression and viral growth was observed in cells that either did not express the ribozyme or produced a ''disabled'' ribozyme that carried mutations that abolished its catalytic activity. Examination of the expression of several other viral early and late genes in the cells that expressed the M1GS ribozyme further revealed an overall reduction of at least 80% in their expression. These results are consistent with the notion that the antiviral effects in these cells are due to the fact that the ribozyme specifically inhibits the expression of IE1 and IE2 and, consequently, abolishes the expression of viral early and late genes as well as viral growth. Our study is the first, to our knowledge, to use M1GS ribozyme for inhibiting human cytomegalovirus replication and demonstrates the utility of this ribozyme for antiviral applications.
H
uman cytomegalovirus (HCMV) is a ubiquitous herpesvirus that causes mild or subclinical diseases in immunocompetent adults but may lead to severe morbidity or mortality in neonates and immunocompromised individuals (1) . Infection by this virus accounts for one of the most common opportunistic diseases in patients with AIDS, CMV retinitis. The emergence of drug-resistant strains of HCMV has posed a need for the development of new drugs and novel treatment strategies (2, 3) .
Antisense nucleic acid molecules, including conventional antisense oligonucleotides and antisense ribozymes, are promising gene-targeting agents for specific inhibition of gene expression (4) (5) (6) (7) (8) . Antisense molecules have been used as anti-HCMV agents to inhibit the expression of HCMV-essential genes and abolish viral replication (4, (9) (10) (11) (12) . External guide sequences (EGSs; refs. 13 and 14) are antisense oligoribonucleotides that have been used in conjunction with either ribonuclease P (RNase P) or the catalytic RNA subunit of RNase P from Escherichia coli (M1 RNA; ref. 15) to diminish the expression of several genes both in E. coli (16, 17) and in mammalian cells (14, (18) (19) (20) (21) . The EGS-based technology takes advantage of RNase P or M1 RNA to cleave a targeted mRNA when the EGS hybridizes to the target RNA (refs. 13 and 14; Fig. 1A ). The EGSs, when expressed separately from the enzyme, have been shown recently to be effective in inhibiting the gene expression of herpes simplex virus 1 (HSV-1) and influenza virus and, in addition, in abolishing the replication of influenza virus (20, 21) . To increase the targeting efficiency, the EGS can be covalently linked to M1 RNA (i.e., its 3Ј end) to generate a sequence-specific ribozyme, M1GS RNA (refs. 19, 22; Fig. 1 A) . We have shown that M1GS RNA efficiently cleaves mRNA substrates that base pair with the EGS in vitro and effectively inhibits the expression of HSV-1 thymidine kinase (TK) in mammalian cells (19, 23) . Thus, M1GS RNA represents a distinct class of ribozymes that can be used for gene-targeting applications.
Further studies are necessary to develop M1GS ribozyme as a gene-targeting agent and to increase its targeting efficacy. Recently, we have studied in detail how the ribozyme interacts with an mRNA substrate (23) (24) (25) . In the present study, we provide direct evidence that M1GS ribozyme can function as an antiviral agent and effectively inhibit HCMV replication and gene expression. The target for the ribozyme is the overlapping region of the mRNAs encoding the HCMV immediately early (IE) proteins IE1 and IE2, which are the viral major transcriptional activators responsible for activation of viral gene expression (1) . We show that M1GS ribozyme cleaved the target mRNA sequence efficiently in vitro. Moreover, a reduction of 80% in viral IE1͞IE2 expression and a reduction of 150-fold in viral growth were observed in cells that expressed the ribozyme. Our study shows the utility of M1GS RNAs as a class of gene-targeting ribozymes for antiviral applications.
Materials and Methods
Viruses, Cells, and Antibodies. HCMV (strain AD169) was propagated in human foreskin fibroblasts and astrocytoma U373MG cells in DMEM supplemented with 10% (vol͞vol) FBS as described (26) . The monoclonal antibodies c1201, c1202, andTAATACGACTCACTATAG-3Ј), and the 3Ј primer was M1IE12 (5Ј-TGGTGCAACGAGAACCCTGTGGAATTG-3Ј). The DNA template for transcription in vitro of RNA substrate ie37 was constructed by annealing the T7 promotercontaining oligonucleotide OliT7 with oligonucleotide sIE1 (5Ј-CGGGATCCTTTCTCGGGGTTCTCGTTGCGATTC-CCGGTCCTATAGTGAGTCGTATTA-3Ј). The DNA template for substrate ie450 was constructed by PCR with an IE2 cDNA clone as the template (28, 29) and 5Ј primer ie4505 (5Ј-TA ATACGACTCACTATAGGGGCCCT TCCTCCA-AGGTGG-3Ј) and 3Ј primer ie4503 (5Ј-GATGTCTTCCTGTT-TGATGG-3Ј).
In Vitro Cleavage and Binding of the IE1͞IE2 mRNA Substrates by the Ribozymes. M1GS RNAs and RNA substrates ie37 and ie450 were synthesized in vitro by T7 RNA polymerase and purified further on 8% urea͞polyacrylamide gels, as described (19, 24) . The M1GS RNAs (10 nM) were incubated with the 32 P-labeled mRNA substrate (10 nM) at 37°C in a volume of 10 l for 25 min in buffer A (50 mM Tris, pH 7.5͞100 mM NH 4 Cl͞100 mM MgCl 2 ; refs. 19 and 23) . Cleavage products were separated in denaturing gels and quantitated with a STORM840 PhosphorImager (Molecular Dynamics).
The procedures to measure the equilibrium dissociation constants (K d ) of the M1GS-ie37 complexes were modified from Pyle et al. (30) . In brief, various concentrations of ribozyme (0.05-50 nM) were preincubated in buffer B [50 mM Tris, pH 7.5͞100 mM NH 4 Cl͞100 mM CaCl 2 ͞3% (wt/vol) glycerol͞0.1% xylene cyanol͞0.1% bromophenol blue] for 10 min before mixing with an equal volume of 0.1-0.5 nM RNA substrate preheated under identical conditions. The samples were incubated for 15 min to allow binding, then loaded on a 5% polyacrylamide gel, and run at 10 W with the running buffer (100 mM Tris-Hepes, pH 7.5͞10 mM MgCl 2 ; ref. 30) . The amount of the bound complex was quantitated with a STORM840 PhosphorImager. The value of K d was then extrapolated from a graph plotting percentage of product bound versus ribozyme concentration. The values obtained were averages of three experiments.
Construction of the Ribozyme-Expressing Cell Lines. The DNA sequences coding for the ribozymes were subcloned into retroviral vector LXSN and placed under the control of the U6 RNA promoter (19, 31) . The retroviral vector DNAs that contained the ribozyme sequence were transfected into amphotropic PA317 cells by using a mammalian transfection kit purchased from GIBCO͞BRL. At 48 h after transfection, culture supernatants that contained retroviruses were collected and used to infect human U373MG cells. At 48-72 h after infection, neomycin (GIBCO͞BRL) was added to the culture medium at a final concentration of 600 g͞ml. Cells were selected subsequently in the presence of neomycin for 2 weeks, and neomycinresistant cells were cloned.
Viral Infection and Preparation of RNA and Protein Extracts. Cells (n ϭ 1 ϫ 10 6 ) were either mock-infected or infected with HCMV at a multiplicity of infection (moi) of 0.05-1 in an inoculum of 1.5 ml of DMEM supplemented with 1% FCS. The inoculum was replaced with DMEM supplemented with 10% (vol͞vol) FBS after a 2-h incubation with cells. The infected cells were incubated for a certain period (as stated in the Results section) before harvesting for viral mRNA or protein isolation. To measure the levels of viral immediate-early (IE) transcripts, some of the cells were also treated with 100 g͞ml cycloheximide before and during infection. Total cellular RNA and protein samples were prepared from the cells as described (19) .
Northern and Western Analyses to Detect the Expression of M1GS
RNAs, Viral mRNAs, and Proteins. The RNA fractions were separated in 0.8 -2.5% agarose gels that contained formaldehyde, transferred to a nitrocellulose membrane, hybridized with the 32 P-radiolabeled DNA probes that contained the HCMV or human ␤-actin DNA sequences, and analyzed with a STORM840 PhosphorImager. The radiolabeled DNA probes used to detect M1GS RNAs, human ␤-actin mRNA, HCMV IE 5-kilobase (kb) RNA transcript, IE1 mRNA, IE2 mRNA, and US2 mRNA were synthesized from plasmids pFL117, p␤-actin RNA, pCig27, pIE1, pIE2, and pCig38, respectively, by using a random primed labeling kit (Roche Molecular Biochemicals; refs. 19, 28, and 29) .
The polypeptides from cell lysates were separated on either SDS͞7.5% polyacrylamide gels or SDS͞9% polyacrylamide gels cross-linked with N,NЈЈ-methylenebisacylamide, transferred electrically to nitrocellulose membranes, and reacted to the antibodies against HCMV proteins and human actin. The proteins on the membranes were stained subsequently by using a Western chemiluminescent substrate kit (Amersham Pharmacia) and quantitated with a STORM840 PhosphorImager. Quantitation was performed in the linear range of RNA and protein detection.
Assays of the Level of the Inhibition of Viral Replication. Cells (n ϭ 5 ϫ 10 5 ) were infected with HCMV at an moi of 0.5-2. The cells and medium were harvested at 1-day intervals throughout the 7 days after infection, and viral stocks were prepared by adding an equal volume of 10% (vol͞vol) skim milk, followed by sonication. The titers of the viral stocks were determined by infecting 1 ϫ 10 5 human foreskin fibroblasts and counting the number of plaques 10-14 days after infection. The values obtained were averages from triplicate experiments. Tar- geting Activity. Previous studies have shown that IE1 and IE2, expressed predominantly as IE (␣) gene products during infection, function as the major transcriptional activators and play a key role in regulating the expression of viral early (␤) and late (␥) genes (1) . It has been shown that antisense oligonucleotides targeting IE2 mRNA abolish viral replication (9, 10) . Meanwhile, a HCMV mutant with a deletion in the exon 4 of IE1 failed to express viral early and late genes (e.g., UL44) and to replicate in human cells at a low moi (32) . IE1 and IE2 share 85 amino-terminal amino acids because of alternative splicing and polyadenylylation of transcripts initiating at a strong promoter enhancer (1, 33) . Therefore, targeting the overlapping region of the mRNAs (i.e., exon 3) coding for IE1 and IE2 should simultaneously shut down the expression of both proteins and may yield a more effective inhibition of viral replication.
Results

Construction of M1GS Ribozymes and in Vitro Studies of Their
Because most mRNA species inside cells are usually associated with proteins and are present in a highly organized and folded conformation, it is critical to choose a targeted region that is accessible to binding of M1GS ribozymes to achieve efficient targeting. In vivo mapping with dimethyl sulfate has been used extensively to determine the accessibility of mRNA and structure of RNAs in cells (19, 34) . The sequences in the overlapping regions of the IE1 and IE2 mRNAs that were accessible to dimethyl sulfate modification were mapped by this method. A position 39 nucleotides upstream from the 3Ј end of exon 3 was chosen as the cleavage site for M1GS ribozyme. This site seemed to be one of the sequences that are most accessible to dimethyl sulfate modification (data not shown). This region is also highly conserved among different HCMV strains (e.g., AD169 and Towne; ref. 1). Moreover, its flanking sequence has features that need to be present to interact with a M1GS ribozyme to achieve optimal cleavage. These features include having a guanosine and a pyrimidine as the nucleotide 3Ј and 5Ј adjacent to the site of cleavage, respectively (35) .
Two M1GS ribozymes, M1-IE and C-IE RNAs, were constructed by covalently linking the 3Ј termini of M1 and C102 RNAs to a guide sequence of 13 nucleotides that is complementary to the targeted mRNA sequence. C102 RNA, a mutant derived from M1 RNA, contains several point mutations at the P4 catalytic domain and is catalytically inactive (23, 27) . RNA substrates ie37 and ie450 contain the targeted HCMV mRNA sequence of 37 and 450 nucleotides, respectively (Fig. 1B) . Efficient cleavage of these two substrates by M1-IE was observed and yielded products of 12 and 25 nucleotides and 150 and 300 nucleotides, respectively (Figs. 1B and 2, lanes 3 and 6) . In contrast, cleavage of the same substrates by C-IE was barely detected (Fig. 2, lanes 2 and 5) .
To determine further whether the differential cleavage efficiencies observed with M1-IE and C-IE RNAs are possibly due to their different binding affinities to the mRNA sequence, the affinities of the ribozymes to substrate ie37 were determined by a gel-shift binding assay. Similar amounts of the complexes formed by ribozymes and substrate ie37 were observed when the same amounts of M1GS RNAs were used (Fig. 2C, lanes 8 and  9) . Indeed, the binding affinity of M1-IE RNA to substrate ie37, measured as the value of dissociation constant (K d ), was similar to that to C-IE RNA (Fig. 2C) . However, a very little amount of cleavage product was observed even in the presence of high concentrations of C-IE RNA and a prolonged incubation period (Fig. 2 , lanes 2 and 5 and data not shown). These observations suggested that the mutations in C-IE RNA do not significantly affect the binding affinity of the ribozyme to the mRNA sequence but abolish its catalytic activity. Thus, C-IE RNA may be used as a control for the antisense effect in our experiments in cultured cells.
Expression of M1GS RNA in Human Cell Culture. The DNA sequences coding for M1-IE and C-IE ribozymes were subcloned into retroviral vector LXSN and placed under the control of the small nuclear U6 RNA promoter, which has been shown to express M1GS RNA and other RNAs steadily (14, 19, 31, 36) . Human U373MG cell lines that contained these retroviral DNA sequences and expressed the ribozymes were constructed and cloned (see Materials and Methods). An additional cell line was also constructed that expressed a ribozyme, M1-TK, that targeted the HSV-1 TK mRNA (19) . No cleavage of substrate ie37 and ie450 by M1-TK was observed in vitro (data not shown). This cell line was used to determine whether M1GS RNA with an incorrect guide sequence can target the IE1͞IE2 mRNA in tissue culture. The level of M1GS RNA expression in each individual cell clone was determined by Northern analysis with a DNA probe that is complementary to M1 RNA. Fig. 3 shows the result from two sets of cloned cell lines that expressed M1-TK (lanes 1 and 5), M1-IE (lanes 2 and 6), or C-IE (lanes 3 and 7) . The different levels of M1GS RNA among each individual clone (e.g., Fig. 3 , compare lane 1 and 5) are presumably due to the incorporation of the LXSN-M1GS sequence into different locations of the host chromosome, and its expression is influenced by the flanking sequence at the insertion site. Only the cell lines 3 and 7) ribozymes. Equal amounts of each RNA sample (30 g) were separated on 2.5% agarose gels that contained formaldehyde, transferred to a nitrocellulose membrane, and hybridized to a 32 Pradiolabeled probe that contained the DNA sequence coding for M1 RNA. The hybridized products corresponding to the full-length retroviral transcripts (Ϸ6 kb), transcribed from the long terminal repeat promoter, are at the top of the gel and are not shown.
that expressed similar levels of these ribozymes were used for further studies in tissue culture.
Inhibition of HCMV IE1͞IE2 Expression in M1GS-Expressing Cells.
Cells were infected with HCMV at an moi of 0.05-1. Total RNAs were isolated from cells that were pretreated with 100 g͞ml of cycloheximide and then were either mock-infected or infected with HCMV. Under this condition, only viral IE mRNAs were synthesized (1). The levels of IE1͞IE2 mRNAs in the infected cells were determined by Northern analyses. The levels of the 5-kb-long viral IE transcript (5-kb RNA), the expression of which is not regulated by IE1͞IE2 under the assay conditions (29) , were used as internal controls for the quantitation of expression of IE1 and IE2 mRNAs. Fig. 4 shows the results (which are summarized in Table 1 ) of the Northern analysis experiments with the IE1 (Fig. 4B), IE2 (Fig. 4C) , and 5-kb RNA (Fig. 4A) probes. A reduction of about 85% (average of three experiments) in the levels of IE1 and IE2 mRNAs was observed in cells that expressed M1-IE, whereas cells that expressed C-IE only had a reduction of less than 10%. The low level of inhibition found in cells that expressed C-IE RNA was probably due to an antisense effect, because C-IE RNA contained the same guide sequence as M1-IE but did not have catalytic activity.
The levels of IE1 and IE2 proteins in M1GS-expressing cells are expected to reduce because of the decreased level of IE1͞IE2 mRNAs. Proteins were isolated from cells at 24 h after infection, separated in SDS͞polyacrylamide gels, and transferred to two identical membranes. One membrane was stained with an anti-IE1͞IE2 antibody (anti-IE1͞IE2; Fig. 5B ), and the other was stained with a monoclonal antibody against human actin (antiactin; Fig. 5A ). The latter serves as an internal control for the quantitation of IE1͞IE2 protein expression. The results of three independent experiments are summarized in Table 1 : a reduction of 88% in the level of IE1 and IE2 proteins was observed in cells that expressed M1-IE, whereas a reduction of less than 10% was found in cells that expressed C-IE or M1-TK.
Inhibition of Viral Gene Expression and Growth by the Ribozyme-
Mediated Reduction of IE1͞IE2 Expression. Inhibition of IE1 and IE2 expression is expected to result in a reduction of the expression of both viral early (␤) and late (␥) genes (1). To determine whether this reduced expression is the case, cells were infected with HCMV at an moi of 0.05-1 for 48 h. The level of the US2 mRNA (an early mRNA; Fig. 4D ) as well as the protein levels of UL44 (an early protein), gB (an early and late protein), and gH (a late protein) (Fig. 5 C-E) were determined. The level of the HCMV 5-kb transcript and the protein level of human actin were used as the internal controls. A reduction of 80% in the expression levels of these genes was observed in cells that expressed M1-IE RNA, but no significant reduction was detected in cells that expressed C-IE or M1-TK (Figs. 4 and 5; Table 1 ). These results suggested an overall inhibition of viral early and late gene expression in the M1-IE-expressing cells.
To determine whether viral growth was also inhibited in the ribozyme-expressing cells, cells were infected with HCMV at an moi of 0.5-2. Virus stocks were prepared from the infected cultures at 1-day intervals for the 7 days after infection, and the plaque-forming unit count was determined by measurement of the viral titer in human fibroblasts. After 5 days of infection, a reduction of about 150-fold in viral yield was observed in cells that expressed M1-IE ribozyme, whereas no significant reduction was found in those that expressed C-IE or M1-TK (Fig. 6 ).
Discussion
The M1GS-based technology represents an attractive approach for gene inactivation, because it has most of the properties of the conventional antisense targeting method and, in addition, cat- 
Values shown are the means from triplicate experiments. The values of standard deviation that are less than 5% are not shown. 1) (lanes 1-3, 5-7, 9 -11, and 13-15) and were harvested at either 8 (A-C) or 24 h (D) after infection. Viral infection was carried out in either the absence (D) or the presence (A-C) of 100 g͞ml cycloheximide. Northern analyses were carried out with RNA isolated from parental U373MG cells (Ϫ, lanes 3, 4, 7, 8, 11 , 12, 15, and 16) and cell lines that expressed M1-IE (lanes 1, 5, 9, and 13) and C-IE (lanes 2, 6, 10, and 14) . Equal amounts of each RNA sample (30 g) were separated on agarose gels that contained formaldehyde, transferred to a nitrocellulose membrane, and hybridized to a 32 P-radiolabeled probe that contained the cDNA sequence of the HCMV 5-kb transcript (lanes 1-4), IE1 mRNA (lanes 5-8), IE2 mRNA (lanes 9 -12), and US2 mRNA (lanes 13-16) . The hybridized products corresponding to the 5-kb RNA, IE1, IE2, and US2 mRNAs were about 5, 1.9, 2.2, and 1.5 kb, respectively (1, 28, 29, 33) .
alytic and irreversible cleavage of the target RNA. The hammerhead and hairpin ribozymes (6) (7) (8) as well as the EGSs (14, 21) have been shown to be promising gene-targeting agents for inhibition of viral gene expression and replication. By tethering the EGS to M1 RNA, one of most efficient catalytic RNAs that are found in nature and hydrolyze RNA, M1GS RNA represents a distinct class of gene-targeting ribozymes and may be more effective than EGSs in diminishing the expression of a target mRNA. Our study is, to our knowledge, the first to use M1GS ribozyme for inhibiting viral replication. Several criteria must be satisfied if successful targeting with ribozymes is to be achieved. Among these are high efficiency of cleavage, sequence specificity of the ribozymes, and efficient delivery of the reagents. We have constructed a M1GS RNA that targets the overlapping region of HCMV IE1 and IE2 mRNAs and shown that the ribozyme cleaves the target mRNA sequence efficiently in vitro. Moreover, a reduction of about 85% in the expression level of IE1 and IE2 and a 150-fold reduction in viral growth were observed in cells that expressed the ribozyme. In contrast, a reduction of less than 10% in the levels of IE1͞IE2 expression and viral growth was observed in cells that expressed C-IE or M1-TK. Similar differences in the level of inhibition of IE1͞IE2 expression and viral growth between cells that expressed M1-IE and those that expressed C-IE or M1-TK were also observed when different sets of cell lines that expressed these ribozymes were used (data not shown). Because M1-TK targets an unrelated mRNA, these results suggested that the observed inhibitory effect in the M1-IE-expressing cells is not due to the nonspecific effect of the ribozyme sequence. Although C-IE is catalytically inactive, this ribozyme contained the identical guide sequence and had a binding affinity to the mRNA sequence similar to that of M1-IE. Thus, our results suggest that the overall observed inhibition of viral gene expression and growth with M1-IE RNA was primarily due to the targeted cleavage by the ribozyme as opposed to the antisense effect or other nonspecific effects of the guide sequence of the ribozyme.
The activity of RNase P ribozymes seems to be specific. First, the ribozymes did not show significant cytotoxicity, because cells expressing ribozymes are indistinguishable from the parental cells in terms of cell growth and viability for up to 2 months (data not shown). Moreover, the antiviral effect of the ribozyme (inhibition of viral growth) seems to be caused by the reduction of the IE1 and IE2 expression, because the expression of all of the viral early and late genes examined, including US2, UL44, gB, and gH, was found to be reduced significantly in cells that expressed M1-IE but not in those that expressed C-IE or M1-TK. The extent of the observed inhibition of the expression of most of these viral early and late genes correlated with that of the inhibition of the IE1 and IE2 expression. However, no reduction in the levels of other viral IE transcripts (e.g., 5-kb RNA and UL36 mRNA) was found in M1GS-expressing cells (Fig. 4 A and data not shown) . Thus, M1GS ribozyme is highly specific in inhibiting the expression of its target mRNAs. Furthermore, this notion is consistent with the fact that only the growth of HCMV, but not HSV-1, a related herpesvirus, was inhibited in M1-IE-expressing cells (data not shown).
We showed that the M1GS RNAs introduced into human cells were stably expressed. The expression cassette that produces these M1GSs is driven by the promoter for small nuclear U6 RNA. This promoter has been used to express EGSs and ribozymes in mammalian cells, and the transcript from this promoter is quite stable (14, 19, 36) . M1GS ribozymes may also increase their activity in cultured cells by interacting with the cellular proteins, possibly including the protein components of human RNase P (15, 19) . Several ''RNA chaperone'' proteins have been shown to stimulate the activity of hammerhead and group I ribozymes by facilitating either folding of the ribozyme or dissociation of the product (37) (38) (39) . Further studies on potential interactions between M1GS RNAs and cellular pro- or 48 h (C-E), separated in either SDS͞9% polyacrylamide gels (A) or SDS͞7.5% polyacrylamide gels (B-E), and then transferred to membranes. One membrane was allowed to react with a monoclonal antibody (anti-actin) against human actin (A), whereas the others were stained with monoclonal antibodies anti-IE1͞IE2, anti-UL44, anti-gB, and anti-gH against HCMV IE1͞IE2, UL44, gB, and gH proteins, respectively (B-E). Fig. 6 . Growth analysis of HCMV in parental U373MG cells and cell lines that expressed M1-IE and C-IE. Cells (n ϭ 1 ϫ 10 5 ) were infected with HCMV at a moi of 1. Virus stocks were prepared from the infected cells at 1-day intervals for the 7 days after infection, and the plaque-forming unit (PFU) count was determined by measurement of the viral titer on human fibroblasts. These values are the means from triplicate experiments. SDs are indicated by the error bars.
teins will provide insight into how a M1GS ribozyme functions in cultured cells.
HCMV is a member of the human herpesvirus family, which includes seven other different viruses such as HSV and Epstein-Barr virus (1, 40) . All of these viruses can engage in lytic replication as well as establish latent infections. HCMV IE1 and IE2 are among the first viral proteins expressed during lytic infection (1) . Their homologous proteins have been found in every other herpesvirus and are among those that are major targets for drug development (9 -11) . To evaluate the anti-HCMV activity of M1GS RNA further, the ribozymes can be delivered into the monocyte͞macrophage-lineage cells where HCMV is believed to establish latent infection (1) . These experiments will determine whether the ribozymes can abolish the IE1͞IE2 expression in these cells and prevent HCMV reactivation from latent infection into lytic replication. These studies as well as the in vitro studies on how to construct highly active ribozymes will facilitate the development of M1GS ribozymes as gene-targeting agents for antiviral applications.
